We, members of the Association Française d Halieumétrie, share the conviction that European fisheries have a future. It is time to get off the wrong track. Radical change is required to embark on the path of sustainable development and truly implement the ecosystem approach to fisheries. Today, high fishing pressure is deployed to catch a rare resource, which in return is responsible for the rarity. We must reverse the situation: an abundant resource that affords high catches applying moderate fishing pressure. All management tools and especially all actors must be mobilized. The transition is not simple, and European solidarity must accompany the changes. It is well worth the effort. By reducing fishing pressure, it will be possible in the medium term to restore fish stocks, to make ecosystems return to good ecological status, to stabilize and even increase catches and to considerably improve economic efficiency. This is obviously in the interest of fishers but it is also in the interest of future generations and all users of this common heritage that is the sea.
Introduction
European marine fisheries are in crisis, confronted with the triple challenge of dwindling natural resources, a global market that is pushing prices down and increasing energy costs.
Year upon year, production stagnates, the number of fishers decreases and ships age or are sent to the scrap yard. Thus the sector's long-term prospects points towards a slow death.
Many signs seem to indicate that marine fisheries are inevitably condemned to decline in Europe, and our future supply of sea products might mainly depend on aquaculture or developing countries. But at the same time, some forces are already in move to change fisheries management, providing potential tracks towards a future for fish and fishermen.
We scientists, members of the Association Française d Halieumétrie (AFH) 1 , refute the perspective of decline. We believe, on the contrary, that marine fisheries have a future in Europe. That it is possible for the sector to embark on a path of sustainable development, combining ecological sustainability, economic viability and social fairness. But we believe that this requires far reaching changes that cannot occur without the participation of all stakeholders.
A window of opportunity is currently opening to change the situation. In France, a debate took place on the occasion of the Grenelle de la Mer (April July 2009) and the Assises de la pêche (October November 2009) organized by the French ministry for the environment.
In Europe, profound changes are announced in the context of reforming the Common Fishery Policy and the implementation of the Marine Strategy Framework Directive. We believe that it is the responsibility of researchers to share their findings with the rest of society. Thus we wish to contribute to the debate and try to shed light on the issues at stake. This paper is a synthesis of our contribution to the consultation carried out by the European Commission regarding the Common Fisheries Policy green paper (EC, 2009 ). It stems from discussions among scientists from various research bodies representing diverse disciplines. As common in the scientific community we do not all necessarily endorse the same approaches (e.g. Pauly, 2009; Hilborn, 2010) . However, we have in common our involvement in fisheries science and our desire to contribute to the search for sustainable solutions, so that marine fisheries can have a future in Europe.
The sea is sick, suffering from human attacks
Our and other scientists research has clearly shown, and the general public is well aware of it, that the sea is suffering from multiple attacks: marine pollution, coastal habitat destruction, biological invasions, etc (e.g. Lorance et al., 2009 , Halpern et al., 2008 Rochette et al., 2010; OSPAR, 2010) , but also -and especially -overfishing. Results are unambiguous: the abundance of most commercial fish stocks is at its lowest level ever, the functioning of the ecosystems is disturbed, biodiversity is threatened, and the loss of jobs related to the depletion of resources has steadily continued over the last 20 years (MEA, 2005; Pauly et al., 2005; FAO, 2009 ).
In European Union waters, decreasing fishing pressure has been the purpose of fisheries management for decades. As a result the decline of several target stocks has been halted, but the situation continues to deteriorate for others (ICES, 2009; Sparholt et al., 2007 , Villasante 2010 . And abundance levels remain low overall: 80 % of EU stocks assessed by the International Council for the Exploration of the Sea (ICES) are at abundance levels below those corresponding to maximum sustainable yield (ICES, 2009; EC, 2009 and . This is the case, in particular, for demersal fish species whose stocks sizes have generally been divided by 5, or even by 10 or more, by overfishing (Froese et al., 2008; Froese and Proelss, 2010; Worm et al., 2009) . In other words, where there used to be 10 tons of fish on the bottom, today there are less than 1 or 2 tons.
The decrease in abundance of target species is accompanied by truncation of their demographic structure leading to greater resource instability with a knock on effect on their preys, predators and competitors, and the whole ecosystem (Pauly et al., 1998; Jackson et al., 2001) . At the same time, certain fishing gears have strong impacts on habitats (Turner et al., 1999) . These ecosystem effects remain difficult to quantify but are no less significant. Species composition is modified in numerous ecosystems, with the increase of species with short life cycles to the detriment of longer lived demersal species (some of which like cod or hake are emblematic of European fisheries). Significant changes in the functioning of trophic networks, changes that convey a diminution of the functional biodiversity of the ecosystems, have also been observed (Heath, 2005; Pauly and Watson, 2005; Worm et al., 2006) .
In European waters, the decline often dates back many years and low abundances have lasted for several decades (Hutchings et al., 2010 , Serchuk et al., 1996 Worm et al., 2009 ). This has two consequences. On one hand, entire generations of fishers and managers have only known this degraded state and therefore tend to consider it the "normal" system state. The occurrence of a single good recruitment is then interpreted as a return to good stock conditions, while most often it is unfortunately only a temporary event (Rice, 2006) ; thus there is a push for immediate increase of TACs and the recruits might be fished out before they could contribute to rebuilding the stock. On the other hand, scientists often lack observations from earlier periods, which makes it difficult to establish reference points. In both cases, we are somewhat used to "managing shortages."
Let's be clear: Humans are part of ecosystems and it is therefore inevitable that they would have an impact on the resources they are using. What creates the problem is not the fact that fishing reduces the abundance of target resources or modifies ecosystem functioning, but rather the fact that this impact reaches levels such that it compromises the fishing activity itself. Fishing leading to diminished total catches is both economically absurd and ethically questionable.
Fishers are themselves victims of overfishing
Fishers are the first victims of the global and common overfishing problem. French statistics show that the number of sailors and fishing vessels has been halved over the past 20 to 25 years and the production of demersal fish over the last 40 years (from FAO and Ifremer websites); similar decreases have occurred in other European countries (Villasante, 2010) . As a result, the entire sector is affected, with the disappearance of suppliers and processors, the closing of fish auctions and the breakdown of the economic and social lives in some coastal zones (World Bank and FAO 2009) . The capacity of the fishing sector to contribute to national planning goals is called into question (Cléach, 2009 ). Today, low abundances translate into low yields and elevated fishing costs. They are a strong structural element of the fishing crisis, and explain, at least in part, the weak economic returns of some fleets. Overfishing creates variability in catches, strong dependence on recruitment and therefore on environmental variations. This variability makes fisheries management difficult and does not allow the industry to act cost efficiently.
Other factors aggravate the economic situation such as the increase of oil prices and low fish prices caused by strong internationalization of sea products (Sumaila et al., 2008; Anderson, 2003; Abernethy et al., 2010) . However, let's not make a mistake: these factors play an evident role, but the crisis is in reality even deeper. It fundamentally stems from the depletion of ecological capital (Jansson et al., 1994) .
Many players in the fishing sector are used to low catches and unpredictable economic returns and tend to believe that the sector can only survive economically with massive public aid (Mesnil 2008) . Numerous economic analyses show, however, that this situation is not inevitable. Far from opposing each other, the goals of ecological conservation and sustainable development are inextricably connected. There is no sustainable future for the fishing sector in France or Europe without restoring ecosystems to a healthy state. And without doubt, there is no possible conservation of biodiversity without the involvement of fishers. But this involves a rather radical change in management methods.
The Ecosystem Approach to Fisheries (EAF) is a necessity
In the medium-term, we must move resolutely towards an EAF. "The purpose of an EAF is to plan, develop and manage fisheries in a manner that addresses the multiplicity of societal needs and desires, without jeopardizing the options for future generations to benefit from a full range of goods and services provided by marine ecosystems" (FA0, 2003; Garcia et al., 2003) . This definition includes the notion of future generations. The ecosystem approach to fisheries is therefore an application of the sustainable development principle.
The EAF requires three things:
1. The impacts of fishing need to be taken into account, not only on target species, but more globally on all ecosystem components and functioning. Evaluations, diagnostics and regulatory measures at the stock level remain necessary. But they should be completed by more integrated approaches, better able to evaluate the ecosystem health and the economic viability of fisheries, by integrating multi-species and multi-fleet dimensions.
2. The effects of other anthropogenic impacts should also be evaluated, in particular pollution, habitat destruction, and biological invasions. This general approach is defined by the European Marine Strategy Framework Directive (EC, 2008) .
3. The Millenium ecosystem assessment carried out under the auspices of the U.N. contributed to raising awareness of the various services that marine ecosystems provide to mankind (MEA, 2005) . Beyond producing food, they also produce energy, purify water, regulate biogeochemical cycles and the climate, preserve species or genetic biodiversity, and support cultural and tourist activities. Fishing interacts with them and cannot be managed in isolation.
The EAF calls for new scientific questions and an unprecedented research effort. New multidisciplinary approaches, new indicators and new models are being developed to analyze complex systems while recognizing their variability. Considerable efforts are still required, on one hand to build (costly) observation systems on marine ecosystems, and on the other hand to integrate social sciences to better understand economic dynamics and fisher behavior. All this research should be conducted on the long term, aiming for scientific excellence and international collaboration.
At the same time, means must be granted to develop and maintain scientific expertise and training. Interfaces have developed since the last reform of the European Common Fishery Policy in 2002, especially with the creation of the Regional Advisatory Councils (RACs). But there is still a lack of appropriate structures to develop and get recognition for applied research and expertise, at the interface between science, management and policy.
While the long-term approach is still under construction, we feel that the EAF can and must have operational implications for fisheries management in the short to medium-term. We identify four implications:
1. The principle of "minimizing" the ecological impact of human activities, established in various official documents from the European Community (e.g. EC, 2002) , deserves to be applied in a more resolute way. Naturally, this principle is not understood in the absolute, but in reference to a given exploitation situation. It completes economic viability criteria and should lead to consider questions such as: is it possible to continue fishing as much, and possibly even more, while diminishing the impact of the fishing on the ecosystem? Shifting from the current approach, usually based on an estimate of the maximum acceptable ecological impact, to such a principle of minimization, would have huge consequences, for instance regarding targets used in fisheries policy.
2. The current stock-based approach of European fisheries management is insufficient and the métier based approach deserves to be developed. In particular for establishing economic and social balance sheets. Bioeconomic modeling and, more generally, the contribution of the social sciences are strongly required.
3. The definition of relevant spatial ecosystem management units and adequate scientific advice on ecosystems health require developments. Achieving the Marine Strategy Directive Framework goal of a good environmental status for marine ecosystems in 2020, implies an in depth revision of the Common Fishery Policy, and some huge changes in the organization of the scientific advice system. 4. The multiple services rendered by marine ecosystems concern multiple users. For this, a more collective governance must be developed (especially within Regional Advisory Councils), including sharing rights and responsibilities towards marine resources.
Reaching MSY requires considerable changes
In Europe, reaching the maximum sustainable yield (MSY) for target species is the first step towards an EAF, undoubtedly insufficient but absolutely necessary to minimize the ecological impact of fishing activities. It is furthermore a binding obligation defined in international fishery agreements (UNCLOS, 1982; UNFSA, 1995) , and a commitment to which many States, notably the EU, subscribed at the Johannesburg summit in 2002.
Honoring this commitment requires engaging considerable changes now. Assessment conducted under the auspice of ICES show that it is necessary to divide fishing pressure by 2 or 3, or even more for the majority of the large demersal European stocks (Sparholt et al., 2007) . At the same time, the abundance of these stocks is expected to be often multiplied by 3 or 4 (Froese et al., 2008; from ICES, 2009) . Therefore, it is not a question of marginal adjustments, but of drastic changes. Today, to catch a rare resource, a high fishing pressure is necessary, which in return is responsible for the rarity. We must reverse the situation: an abundant resource that affords high catches applying moderate fishing pressure.
Reaching MSY by a decrease of fishing pressure will likely have limited effects on total catches (available yield per recruit estimates from ICES working groups indicate a gain of 5 to 30 % for the main European stocks). If in addition size selectivity is changed, an even higher increase in potential catches is expected (Froese and Proelß, 2010; . The economic and ecological benefits would be considerable:
•
Reduced fishing costs. For the same number of fishers (supposing each decreases effort), the economic return from fishing will increase considerably. Additionally, stock rebuilding will lead to exploiting a greater number of year-classes, resulting in greater year-to-year stability of catches, and therefore a decrease in economic risk (Mardle et al., 2008) .
• Reduced impacts on ecosystem functioning. The current state of scientific knowledge does not allow us to predict all implications of such a change. Will it be sufficient to return ecosystems to "good health"? This is currently difficult to say. However, it is certain that reducing the impact can only be beneficial and a step towards the precautionary approach at the ecosystem scale.
The return to higher abundances will also have the beneficial consequence of new perspectives for fishing gear developments. Gear that is today considered inefficient would become profitable, opening the way for more energy-efficient gears with less impacts on the environment (Pauly et al. 2003) .
We thus consider that reaching the MSY is a major undertaking, which will mobilize the whole sector for years to come, and revolutionize management methods. We know that efforts have already been undertaken, especially by implementing long term management plans and by defining a 2011-2015 transition scheme to MSY. However, we believe that the current debate does not consider sufficiently how to massively reduce fishing pressure without destroying the sector.
The transition phase represents the major difficulty. Initially, reducing fishing pressure will lead to reduced catches. Only once stocks are restored, after several years, will total catches return to equivalent or even higher levels. The transition must therefore be progressive; from this point of view, delaying measures to reach the 2015 MSY target (like the European Commission did until 2010, and like some European Ministers are still claiming) will make the transition economically and socially more difficult. Thus, the transition should possibly be subsidized. Of course, care should be taken to avoid repetition of the Canadian experience where subsidies during the cod moratorium were invested in increased fishing capacity (Rice et al., 2003) . But national or European funding, currently allocated to fund fishing (for instance oil subsidies) could be directed towards economic and social support until the stocks have grown back. In any case, the transition requires strong political will, notably to avoid fishing pressure increases again at the first signs of stock recovery. All participants will have to accept not to take more fish, even if the abundances are multiplied by 3 or 4. Otherwise, they risk returning to the previous situation.
Other difficulties, which can seem more technical but are nevertheless real, involve the estimation of MSY levels (usually based on single species approaches), the impossibility to reach MSY simultaneously for all the species and its use on an appropriate time scale of few years in the context of global change. These questions have to be resolved and compromises identified, relying notably on fleet based analyses and bioeconomic modeling (Grafton et al., 2007) .
More generally, and beyond these technical difficulties, we believe that the goal of MSY is no longer justified by maximizing catches (as may have been the case when the theory was developed), but by decreasing the impact of fishing on exploited resources. This goal can be interpreted as taking into account an ethical point of view within fisheries policy. Man, because he profits from them, can legitimately impact ecosystems he is part of. But this impact is no longer ethically admissible if more damage is done to the ecosystem than strictly needed to achieve the expected result. The same catches as today can be obtained at much lower cost from much larger stocks and at much less impacted ecosystem. This ethical principle deserves to be extended beyond single species management (for instance to the assessment of impact on habitat).
Overcapacity is not everything, access rights must be regulated
The European Commission in its green paper on reforming fisheries policies (EC, 2009) identified fleet overcapacity as the principle cause for the current difficulties, in particular overfishing. We think things are more complex. Overcapacity is the consequence of over-investment, at least for certain fleets. But it is also the result (a symptom) of the poor state of marine stocks and all quota reductions aggravate overcapacity (Clark et al., 1979; Clark and Munro 2002; World Bank and FAO, 2009 ).
The real cause of overfishing is that fishing mortalities are too high. This stems from fishing overcapacity, but also from fishing rights granted to each vessels. Thus, there is no simple relationship between fishing capacity and fishing mortality, nor between overcapacity and overfishing. The only thing that is certain is that a reduction in fishing mortality is required.
The recognition of social goals as an integral part of sustainable development, and the recognition of national planning goals can lead politicians to accept some fishing overcapacity. The economic and social motivations for any choice deserve to be analyzed on a local scale, taking into account all economic and social effects, including national heritage or cultural effects that would result from the disappearance of fishing or its regression below a certain threshold (Mascia et al., 2003) .
In other words, we believe that fisheries problems cannot be resolved solely by tackling fishing capacity. Of course, certain capacity adjustments will be inevitable, notably in the case of the severely depleted stocks. However, it cannot be the only management measure. For halting the decline of the fishing sector, marked by successive vessel decommissioning plans, it is necessary to come up with methods for regulating access. This requires implementing a large range of management tools: fishing quotas, limiting days-at-sea, closed areas, licenses, etc.
All management tools must be mobilized
There is no silver bullet for reaching the ambitious goals of reducing fishing pressure to levels compatible with MSY, limiting discards, restoring ecosystems to good environmental status, and ensuring fisheries sustainability. All available management tools must be implemented and adapted for each fishery, embracing their complexity and accepting that different fisheries might require different solutions (Degnbol et al., 2006) .
1
From quotas to ITQs?
Quotas are limiting fishing pressure effectively, as long as scientific advice can rely on high quality catch data, management recommendations are followed and decisions are implemented. This system is today a cornerstone of fisheries management in Europe. It must be maintained and strengthened in view of reaching MSY in a few years. In addition, the introduction of ITQs is often presented as the solution to the difficulties facing fisheries (e.g. Arnason, 1996; Squires et al., 1995; EC, 2009 ) and is supported by national experiments in some European countries. We have three remarks:
1. What determines the effectiveness of quotas in terms of conservation is obviously their overall level, and also their enforceability, but not their transferability. In other words, it is the total quota and not the ITQ that is a management tool for reaching the goal of ecological sustainability. ITQs aim to reach economic efficiency.
2. In most of the European fisheries, the individualization of quotas contributes to empowering fishers enabling them to avoid over-investment. It also aims at improving enforcement by increasing compliance and commitment through ownership mechanisms. If it is complemented by an effective control of discards, individual quotas can be a powerful tool for promoting good practice, especially regarding energy savings, limiting economic impacts, improving product quality, etc.
3. Numerous economic studies have shown that the transferability of quotas presents a certain number of risks: speculation on transfer costs, concentration within a few fishing fleets and exclusion of artisanal fishers (e.g. Hersoug, 2002; Flaaten, 2010; Marchal et al., 2009) .
Thus, nothing guarantees that an ITQ system will respond simultaneously to sustainable ecological, economic and social goals. Even if individualization seems desirable in the European context, the management method mostly remains to be invented to satisfy the needs for transparency, equity and social regulation. Whether the quotas are administered, collectively managed (notably by producer's organizations) or transferable and accompanied by regulation rules, the choice will necessarily depend on a compromise among actors and decisions of an eminently political nature.
1
Limiting effort, modifying gears and developing MPAs
Quota system must be complemented by different types of measures. Some are not fundamentally new, but deserve to be more widely applied. Measures to directly limit fishing effort should be strengthened (operating licenses, days-at-sea quotas, biological rest periods, etc). Reinforced technical measures could have positive effects on certain stocks: increase in legal mesh size and/or sizes, development of escape or avoidance devices, modified fishing gear.
MPAs play an essential role, particularly in conserving biodiversity, preserving sensitive habitats and species, protecting essential habitats (notably reproduction and nursery zones), and reducing fishing pressure (e.g. Gell and Robert, 2003; Lester et al., 2009) . Additionally, they constitute pilot areas that contribute to developing participatory, integrated ecosystem management approaches (Boncoeur et al. 2002) and could be a key ingredient for small scale fisheries (Hilborn et al., 2004) .
Nevertheless, as important as it is, the protection of one part of the marine territory is not sufficient for an ambitious and sustainable fisheries policy. If we are not careful, the sectorization of the sea could even become counter-productive. On one side, it would create reserve zones where nature would be effectively preserved (but for the benefit of whom?). And on the other side, it would leave vast zones devoid of protection, where an excessive number of fishers would compete for a rare resource. In other words, as with any other management method, MPAs are not a silver bullet. They can be fully effective integrated into an overall policy of marine resource based on marine spatial planning and ecosystem management (Hannesson, 1998; Hilborn et al., 2004) .
Ecolabelling: A useful tool, if…
Ecolabelling represents an interesting tool to encourage producers to engage in good management practices under the pressure of new consumer demands (Wessels et al., 1999; Brécard et al., 2009) . One can question its short-term financial advantages as a factor of product differentiation, but not the fact that they interest retailers, environmental NGOs and consumers. Consequently, ecolabels can create useful incentives for responsible management (Salladarré et al., 2010) .
Thus, the development of ecolabels should be encouraged, provided these labels are based on the definition and respect of rigorous specifications, including: healthy stocks (return to MSY), low ecosystem impact, respect of social fairness criteria (wages, safety, etc.), effective management systems, independence of certifying and accrediting bodies (conform with FAO criteria), and low energy consumption.
Redistributing subsidies
Initially, the vision of the CFP underpinning public financial support, copied from agriculture, was based on intensive mode of production. It is clear that this development model has reached its limits (as in agriculture). Because of overfishing, fishing revenues no longer suffice to absorb the excessive costs caused by over-investment. Excessive debts are, as admitted by several professional representatives, the number one cause of irresponsible fishing and endangering the safety of seamen (Sumaila et al., 2008; World Bank and FAO, 2009) . A continuous flow of aid is currently required, in particular in France, to keep the businesses just afloat. The social result is also catastrophic: between 1970, the beginning of the structural funds, and 1990, just before the first scrapping plan, "modernization" sacrificed 8,000 marine jobs (22 % of the workforce) in France, while average vessel power was multiplied by 2.3 (Mesnil, 2008) .
Of course we know that fisheries must adapt and modernize; and we also know that technical progress and productivity gains may lead to job losses. But in this context current subsidies are mainly justified by the short term search for social peace, contributing in fact to maintain archaic practices without any vision of the long term sustainable development of the fishing sector.
It is time to get off the wrong track. Public support should only be granted to accompany transitions to sustainable fishing and restored ecosystems, easing the associated economic and social shortterm costs.
Conclusion: Implementing medium term management plans for a sustainable development
Medium-term management plans are required to combine different measures and to compromise between medium or long term goals and short term transition costs. They should also integrate multi-species and multi-fleet considerations. Once the management goals are defined (in collaboration with all actors, and under the control of public authorities), fishers have an essential role to play in determining the most effective tools for regulating fishing mortality. The role of scientists is to provide insights by evaluating the effects of past measures, trying to understand and explain past dynamics and anticipating the potential effects of different management options.
In several texts, the European Commission seems to promote a situation in which industrial fisheries would be managed by ITQs, applying strict criteria of economic efficiency, while social goals would also be included for small scale and coastal fisheries (see for instance the green paper: EC, 2009). This approach seems incompatible with sustainable development principles, which stipulate that ecological, economic and social goals must apply to the entire industry and thus to all fleets. This does not mean that all fisheries are equivalent. But industrial fisheries can not be exempted from ecological and social issues. As for small scale fisheries, the goal is certainly not to preserve certain fishing practices or certain coastal communities, like in a museum. The triple balance sheetecological, economic and social -must be established for each fleet. And it is on this triple balance sheet that the choices of the common fishing policy must be made.
Implementing these various management measures may seem restrictive. However, this is the price to pay to avoid managing by simply decreasing fishing capacity, or in the absence of any management the ruin of numerous fisheries. We observe already now that there are lots of forces in the move to try to stop the European fisheries decline. All stakeholders have to be involved to turn from the decline to the sustainable use of marine resources. The fishing industry is a sector where mankind encountered most drastically ecosystem limits. Not only future generations will be impacted, but the present ones are already. Changing and building a future for marine Fisheries in Europe will be difficult and costly; but it would be the test of our common capacity to find the way of sustainable development for our societies.
